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ABSTRACT: 



PURPOSE: To measure a process state by providing at least one mechanism for 
condensing light emitted from a plasma in a position where no electric field 
exists in a waveguide for propagating a microwave. 

CONSTITUTION: A microwave is converted from TE10 to TE01 mode by a mode 
converter 1, arid introduced into a plasma generating chamber 4. An optical 
fiber 2 is installed in a position (on a central axis) in which no electric 
field exists in the converter 1. Here, a light emitted from a plasma is 
condensed by the fiber 2 through a microwave introducing window 10 (normally 
quartz glass), a special wavelength is detected by a spectroscope, and an end 
point of etching is detected. Thus, the plasma is observed from an upstream of 
the plasma, a light from the plasma can be observed irrespective of a position 
of a substrate, observed without providing a view port, thereby grasping a 
state of the process. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is equipment which enables measurement of a process 
condition in the plasma treatment equipment which generates the plasma using microwave and 
performs homogeneity processing to a substrate about the surface treatment in a semi-conductor 
production process. 
[0002] 

[Description of the Prior Art] A dry process is becoming an important technique with detailed- 
izing of a semiconductor device. Since the plasma is generated by ** low voltage force (- 10- 
4Torr), the ECR plasma which used the electron cyclotron resonance (ECR) by the interaction of 
microwave and a field especially has attracted attention with the property which was [ be / ion 
energy / controllable by that the direction of ion gathers, that ** high density plasma is 
generable, and ** field ] excellent. The basic configuration of conventional ECR plasma 
treatment equipment is shown in drawing 6 . Generally the source of microwave which omitted 
illustration consists of a 2.45GHz magnetron, an adjustment component, etc. the electron which 
exists all over the plasma production room 4 ~ electromagnetism — the Lorentz force is received 
from the field generated with a coil 3, and cyclotron movement is carried out. If microwave with 
the same period as this cyclotron movement is introduced into the plasma production room 4, a 
electron cyclotron resonance phenomenon will occur and electronic energy will increase by leaps 
and bounds. This high energy electron collides with a surrounding gas particle, causes ionization, 
and generates the ECR plasma in the plasma production room 4. The ECR plasma in the plasma 
production room 4 is drawn out by the emission field in the processing room 5 directions, and 
processes CVD, etching, etc. to a substrate 6. 

[0003] In a plasma process, in order to process with sufficient repeatability, it is necessary to 
grasp the condition of a process. For example, in an etching process, in order to end processing 
with sufficient repeatability, luminescence from the plasma may be observed. Drawing 4 shows 
an example of the substrate set as the object of etching. Drawing 4 (a) is in the condition of the 
substrate before etching processing, and the resist which determines an etching pattern is formed 
at the last process of etching, such as lithography. The gas of a chlorine system is mainly used 
for etching of polish recon. If the plasma is irradiated by the substrate 6, polish recon will be 
decomposed by the collision of CI ion by the physical reaction and several 1 chemical reaction. 
[0004] 
quation 1] 

i + 4C 1 -> S i CU 
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[0005] SiC14 produced at several 1 reaction is dissociated to monatomics, such as Si and CI, in 
the plasma, and each atom is excited by the collision of the electron in the plasma. In case the 
excited atom changes in the low condition of stable energy ranking, it emits light in the light 
which has the wavelength of an atomic proper. The luminescence process of excited Si atom is 
shown in several 2. 
[0006] 
[Equation 2] 

Si* "Si + hp 
Si* : 
h v : 



[0007] Drawin g 4 (b) shows the condition that polish recon etching was completed. Although the 
ion in the plasma is irradiated by the silicon oxide (Si02) which is a substrate after etching of 
polish recon is completed, silicon oxide is hard to be etched compared with polish recon. 
Therefore, several 1 reaction decreases and the number of Si* which exists in the plasma also 
decreases. For this reason, the amount of luminescence from Si* expressed with several 2 
changes. Termination detection of etching processing is performed by observing change of the 
amount of luminescence from this Si*. 

[0008] Moreover, in membrane formation processing of CVD, sputtering, etc., in order to keep 
constant the mixing ratio of the plasma production gas in a processing ambient atmosphere, and 
process gas, luminescence from the plasma may be observed. 

[0009] In order to observe luminescence from the plasma generally, the view port 7 with 
translucency, such as quartz glass, is formed in the processing room 5, luminescence from the 
plasma is condensed with an optical fiber 2, and a spectroscope analyzes the light of specific 
wavelength. In drawi ng 6 , in order to take out outside luminescence from the plasma mentioned 
above, the view port 7 is formed in the processing room 5, luminescence from the plasma is 
condensed with an optical fiber 2 through a view port 7, and luminescence is analyzed. 
[0010] 

[Problem(s) to be Solved by the Invention] In order to observe luminescence from the plasma, it 
is necessary to prepare the part which penetrates light, such as a view port, and in drawing 6 
which showed an example of the conventional technique, it is necessary to install the device 
which condenses light, such as an optical fiber 2, to a translucent part, general ~ plasma 
production rooms 4 other than a processing room » a perimeter — electromagnetism « since the 
coil 3 grade is arranged, it is difficult to prepare a view port. Moreover, even when a view port is 
prepared in the processing room 5, the next technical problem occurs. That is, in a plasma 
process, the location of a substrate 6 is an important parameter and may get the location of a 
substrate 6 mixed up in drawing 6 . Since termination of the plasma was carried out with a 
substrate 6, when the substrate 6 was located in the plasma production interior of a room in the 
equipment configuration of drawing 6 , since the plasma did not exist in the processing room 5, it 
had a technical problem of it becoming impossible to condense luminescence from the plasma 
with an optical fiber 2. 
[0011] 

[Means for Solving the Problem] According to this invention, the purpose mentioned above 
generates the plasma using microwave, and is attained in the plasma treatment equipment which 
processes to a substrate by offering the plasma treatment equipment characterized by establishing 
at least one device which condenses luminescence from the plasma into the part whose electric 
field in the waveguide which microwave spreads are 0. 
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[0012] 

[Example] Drawing 1 shows the example of this invention. In drawing 1 , microwave is the 
example which used the TE01O mode. A mode transducer 1 changes the microwave in the 
rectangular TE10** mode into the TE01O mode. Compared with other modes, large-area-izing is 
easy for the microwave in the TE01O mode at low loss, and it is effective in the plasma 
treatment of a large area. 

[0013] Drawing 2 shows the line of electric force in a mode transducer 1. A field (Eth page) 
parallel to line of electric force is first made into the shape of radii by deforming like (a) ->(b) -> 
(c) from the TE10** mode. Furthermore, the TE01O mode generates (c) ->(d) -> (e) and a 
propagation part by extending gradually. The electric field E in the TE01O mode in the direction 
location r of a path are expressed with several 3 which used the derivative Jo of a zero-order 
Bessel function (x). 
[0014] 
[Equation 3] 

E = j V C Jo y ( 3. 82 



x 

a 



Jo' 



j 
a 
A 

Ac 

K 
r 

(x) 



[0015] Electric field are set to 0 from several 3 on r= 0, i.e., a medial-axis line. Therefore, even if 
it installs the tubing 9 which becomes this part from a conductor, the microwave electric field in 
the TE01 mode are not influenced. By installing the device which condenses [ optical fiber ] into 
the tubing 9 which consists of this conductor, it becomes possible to condense luminescence 
from the plasma, without disturbing microwave electric field. In addition, if tubing with which 
electric field become the part which is not 0 from a conductor is formed, the mode of microwave 
will change and the homogeneity of the effectiveness of microwave and a plasma consistency 
will be spoiled. 

[0016] Moreover, also in microwave other than the TE01O mode, the electric field in a 
waveguide are given with the theoretical formula decided by the configuration of a waveguide to 
each mode, and can ask for the part from which electric field are set to 0 beforehand. Drawing 5 
shows the cross section of TE1 10 which is the basic mode of a circular waveguide. In the 
TE1 10 mode, the electric field of a shadow area are set to 0, and condensing devices, such as an 
optical fiber, can be established. 

[0017] Drawing 3 is an example of the ECR plasma etching system equipped with the 
condensing facility by this invention. Microwave was changed into the TE01O mode from the 
TE10** mode with the mode transducer 1, it has introduced into the plasma production room 4, 
and the optical fiber 2 is installed in the part (on a medial axis) from which the electric field in a 
mode transducer 1 are set to 0. Luminescence from the plasma condenses from an optical fiber 2 
through the microwave installation aperture 10 (usually quartz glass), detects specific 
wavelength with a spectroscope, and performs terminal point detection of etching. 
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[0018] 

[Effect of the Invention] According to this invention, since the plasma is observed from the 
upstream of the plasma, it can be concerned with the location of a substrate and luminescence 
from the plasma can be observed that there is nothing. Moreover, luminescence can be observed 
without preparing the view port which takes out especially luminescence from the plasma 
outside, and grasp of the condition of a process is attained. 
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http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 12/30/05 



. JP,05-299387,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the example of this invention. 

[Drawing 2] Drawing showing the line of electric force in the mode transducer of drawing 1 

[Drawing 3] Drawing showing an example of the ECR etching system using this invention. 

[Drawing 4] Drawing showing an example of an etched substrate. 

[Drawing 5] Drawing showing the cross section in the TE1 10 mode. 

[Drawing 6] Drawing showing an example of the advanced technology about ECR etching 

equipped with the terminal point detection device. 

[Description of Notations] 

1 Mode Transducer 

2 Optical Fiber 

3 Electromagnetism Coil 

4 Plasma Production Room 

5 Processing Room 

6 Substrate 

7 View Port 

8 Waveguide 

9 Tubing Which Consists of a Conductor 

10 Microwave Installation Aperture 
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